,9 for the REVEAL-HBV Study Group OBJECTIVE: This study aimed to investigate the metabolic risk factors of high hepatitis B viral load. DESIGN: Large-scale, community-based cross-sectional study. SUBJECTS: A total of 3587 hepatitis B virus (HBV)-infected participants without liver cirrhosis at study entry were investigated. High HBV viral load was defined as a serum level X10 4 copies per ml for hepatitis B e antigen (HBeAg) seronegatives or X10 8 copies per ml for HBeAg seropositives. RESULTS: Among HBeAg seropositives (n ¼ 545), high HBV viral load was reversely associated with extreme obesity (odds ratio (OR), 0.30; 95% confidence interval (CI), 0.13-0.68; P ¼ 0.004) or central obesity (OR, 0.53; 95% CI, 0.34-0.82; P ¼ 0.004) after adjustment for gender, hypertriglyceridemia, hyperuricemia and history of hypertension. High HBV viral load remained significantly inversely associated with extreme obesity (OR, 0.17; 95% CI, 0.05-0.63; P ¼ 0.008) and central obesity (OR, 0.44; 95% CI, 0.25-0.78; P ¼ 0.005) in male HBeAg-seropositive participants in stratification analyses by gender. Among HBeAg seronegatives (n ¼ 3042), however, high HBV viral load was inversely associated with hypertriglyceridemia (OR, 0.74; 95% CI, 0.61-0.89, P ¼ 0.002) after adjustment for age, gender, high serum alanine aminotransferase level, and extreme obesity or central obesity. High HBV viral load was still inversely associated with hypertriglyceridemia in both female (OR, 0.70; 95% CI, 0.50-0.97; P ¼ 0.041) and male (OR, 0.75; 95% CI, 0.60-0.94; P ¼ 0.011) HBeAg-seronegative participants. CONCLUSION: Extreme obesity and central obesity were associated with a low prevalence of high HBV viral load in HBeAg seropositives, especially in men; while hypertriglyceridemia was associated with a low prevalence of high viral load in HBeAg seronegatives in both women and men.
INTRODUCTION
Chronic hepatitis B virus (HBV) infection is a challenging public health issue in Asia Pacific region. In our REVEAL-HBV Study, elevated serum deoxyribonucleic acid of HBV (HBV DNA) levels are associated with an increasing risk of cirrhosis, hepatocellular carcinoma, all-cause and liver-related mortality rates in a doseresponse relationship. [1] [2] [3] [4] [5] However, anti-viral therapy for chronic HBV carriers with high viral loads but normal liver function is not indicated based on current guidelines. 6 In some animal models, HBV gene expression is regulated similarly to key metabolic genes in hepatocytes. HBV is considered to behave like a 'metabolovirus'. 7 The prevalence of obesity and metabolic syndrome is increasing in Taiwan in recent years. 8 Metabolic factors have been found to increase the risk of cirrhosis and hepatocellular carcinoma. [9] [10] [11] [12] [13] [14] [15] Only few studies examined the relationship between metabolic factors and HBV viral load. 9, 16 The novel aim of this study is to investigate the association between selected metabolic factors and the crucial outcome marker, that is, serum HBV DNA levels, in patients with chronic HBV infection.
SUBJECTS AND METHODS Participants
A total of 3587 participants in REVEAL-HBV Study [1] [2] [3] [4] [5] 9 who had positive hepatitis B surface antigen (Bag) serostatus, negative serostatus of antibodies against hepatitis C virus, no liver cirrhosis and measurements of serum HBV DNA levels and metabolic factors at enrollment were included in this analysis. All subjects signed written informed consents. Demographic and lifestyle characteristics were collected through personal interview using a structured questionnaire by well-trained public health nurses. Overnight fasting blood samples were collected at baseline, and HBsAg, hepatitis B e antigen (HBeAg), antibodies against hepatitis C virus and serum HBV DNA level were analyzed using commercial kits as described previously. [2] [3] [4] [5] 9 High HBV viral load was defined as a serum level X10 4 copies per ml for HBeAg seronegatives or X10 8 copies per ml for HBeAg seropositives. The study protocol was approved by the Institutional Review Board of the College of Public Health, National Taiwan University.
populations recommended by World Health Organization. 17 Waist circumference was taken at the midway point between the inferior margin of the last rib and the iliac crest in a horizontal plane at the end of exhalation. Central obesity was defined as a waist circumference X90 cm for men or X80 cm for women according to the criteria for metabolic syndrome used in Taiwan (www.bhp.doh.gov.tw). The hypertriglyceridemia was defined as serum triglycerides levels X150 mg dl À 1 and the hypercholesterolemia was defined as serum total cholesterol levels X240 mg dl À 1 . The hyperuricemia was defined as serum uric acid levels X8.3 mg dl À 1 . A high serum alanine aminotransferase (ALT) level was defined as ALT levels X45 IU l À 1 . Information about age, gender, personal history of diabetes mellitus and hypertension was obtained from the personal interview.
Statistical analyses
The categorical and continuous data were presented as number (percent) or mean ± s.d., respectively. In the univariate analyses, the statistical significances of the difference in categorical data among comparison groups were analyzed by w 2 -test. The statistical significances of the difference in continuous variables were based on two-sample Student's t-test. Significance levels were determined by two-tailed tests (P value o0.05). Variables with P value o0.20 in univariate analyses were included in multiple logistic regression models to examine their association with high HBV viral load in HBeAg seropositives and HBeAg seronegatives, respectively. Stratification analyses were carried out for associations between high HBV viral load and metabolic factors in different strata of gender. The odds ratio (OR) with its 95% confidence interval (CI) were derived to assess the magnitude of the association among various predictors of high HBV viral load. All the statistical analyses were performed with SAS software version 9.1.3 (SAS Institute Inc., Cary, NC, USA). Table 2 , the prevalence of high HBV viral load was significantly associated with older ages (P ¼ 0.028), male gender (Po0.0001) and elevated serum ALT level (Po0.0001). There was a significant inverse association with high HBV viral load for hypertriglyceridemia (P ¼ 0.011). No significant association with high viral load was observed for extreme obesity, central obesity, hypercholesterolemia, hyperuricemia, history of diabetes and hypertension.
RESULTS
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Metabolic factors associated with high HBV viral load in HBeAg seropositives Table 3 shows the results of multiple logistic regression analyses for HBeAg seropositives including gender, extreme obesity or central obesity, hypertriglyceridemia, hyperuricemia and history of hypertension in two models. Extreme obesity (OR, 0.30, 95% CI, 0.13-0.68, P ¼ 0.004) and central obesity (OR, 0.53, 95% CI, 0.34-0.82, P ¼ 0.004) were both significantly inversely associated with high HBV viral load. Table 4 shows the results of the stratification analysis for HBeAg-seropositive participants by gender. Extreme obesity (OR, 0.17, 95% CI, 0.05-0.63, P ¼ 0.008) and central obesity (OR, 0.44, 95% CI, 0.25-0.78, P ¼ 0.005) remained significantly associated with a decreased prevalence of high HBV viral load only in male HBeAg-seropositive participants after multivariate adjustment. No significant association with high viral load was observed for extreme obesity or central obesity in female HBeAg seropositives. Table 5 shows the results of multiple logistic regression analyses for HBeAg seronegatives including age, gender, high serum ALT level, extreme obesity or central obesity and hypertriglyceridemia in two models. Hypertriglyceridemia was significantly inversely associated with high HBV viral load in model 1 (OR, 0.74, 95% CI, 0.61-0.89, P ¼ 0.002) and model 2 (OR, 0.75, 95% CI, 0.62-0.91, P ¼ 0.003). Table 6 shows the results of the stratification analysis for HBeAg-seronegative participants by gender. Hypertriglyceridemia remained significantly associated with a decreased prevalence of high HBV viral load both in female (OR, 0.70, 95% CI, 0.50-0.97, P ¼ 0.041) and male (OR, 0.75, 95% CI, 0.60-0.94, P ¼ 0.011) 
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HBeAg-seronegative participants after multivariate adjustment. No significant association with high viral load was observed for extreme obesity in female or male HBeAg seronegatives.
DISCUSSION
In this large-scale community-based cross-sectional study, the roles of metabolic factors on high HBV viral load (X10 4 copiesper ml for HBeAg seronegatives or X10 8 copies per ml for HBeAg seropositives) in chronic HBV carriers were examined. Our results revealed a special interactive effect on high HBV viral load among hypertriglyceridemia, extreme obesity or central obesity and HBeAg serostatus. Extreme obesity and central obesity were inversely associated with high HBV viral load in HBeAg seropositives, especially in men; while hypertriglyceridemia was inversely associated with high viral load in HBeAg seronegatives in both women and men. We have demonstrated that high HBV viral load increases the risk of HCC and cirrhosis even in HBeAgseronegative participants with normal liver function, [1] [2] [3] 5 for whom the anti-viral therapies are not recommended. 6 Here, we further found the association between obesity, hypertriglyceridemia and the crucial outcome marker in chronic HBV infection, that is, HBV viral load.
The seropositivity of HBeAg has a significant impact on high viral load, 2 which is consistent with its leading role on HCC. 18, 19 The gender differences are also well studied for HBV viral replication and HCC oncogenesis. 20, 21 Thus, we stratified this analysis initially by HBeAg serostatus, and then by gender, to examine the role of metabolic factors on high HBV viral load in various HBeAg and gender groups. We also excluded cirrhotic participants to avoid the interference of ascites with BMI and waist circumference.
We recruited participants aged 30-64 years old. Even if some HBeAg seropositives of high HBV viral load were in the immunetolerant stage, most HBeAg-seropositive participants (mean age ¼ 41.81±9.06 years) experienced delayed HBeAg seroconversion and an increased incidence of subsequent liver cirrhosis and hepatocellular carcinoma. 22 High HBV viral load in our HBeAg seropositives was considered clinically significant. As most HBeAg seropositives has HBV viral load greater than 10 5 copies per ml (traditional action point for HBeAg-seropositive hepatitis; Supplementary Table 1), we chose 10 8 copies per ml (Table 3) as the cutoff point to define the high HBV viral load in HBeAg seropositives. On the other hand, the use of 10 4 copies per ml as the cutoff point for high HBV viral load in HBeAg seronegatives has been well validated. [1] [2] [3] [4] [5] 18 We demonstrated that extreme obesity and central obesity were inversely associated with high HBV viral load in HBeAg seropositives ( Table 3) . Levels of circulating male sex hormones were also reported to be inversely associated with BMI and waist circumference, [23] [24] [25] components of metabolic syndrome, 24, 25 and risk of type 2 diabetes. 26, 27 Participants with relatively low BMI or waist circumference may thus have high serum androgen levels. In addition, the androgen pathway was positively linked to viral transcription and high HBV viral load in a recent proposed transcriptional model. 20, 28 On the basis of the above-mentioned mechanisms, participants with low BMI or waist circumference might have high androgen levels and subsequent high HBV viral load. In other words, participants with extreme obesity or central obesity were considered to have low androgen levels and therefore low HBV viral load. The inverse association between extreme obesity or central obesity and high HBV viral load may also be explained at the transcription level. There are similar activators of both the key gluconeogenic gene Metabolic factors and low HBV DNA levels C-H Chiang et al phosphoenolpyruvate carboxykinase and the HBV pre-core/core promoters. 29 Participants with low BMI or waist circumference in this study might be exposed to starvation more frequently than those with extreme obesity, and the gluconeogenic cascade and the accompanied viral replication was thus frequently co-activated.
However, extreme or central obesity was significantly associated with a decreased prevalence of high HBV viral load in male HBeAg-positive participants, not in females (Table 4 ). There are some explanations: (1) women had much lower levels of male sex hormones than men, and the androgen pathway for the inverse association between obesity and high HBV DNA load would be more predominant in males. (2) The high HBV viral load for HBeAg-positive participants was defined as serum HBV DNA levels X10 8 copies per ml, and females had a lower prevalence of extreme obesity (P ¼ 0.007). Thus, there were only few participants (n ¼ 7, 3.5%) having HBV DNA over the cutoff point among female HBeAg seropositives (n ¼ 198). The relative risk of high viral load could not be estimated precisely because of the small sample size. Actually, BMI (P ¼ 0.029) were reversely associated with logarithmic transformation of HBV viral load in female HBeAg seropositives using multivariate linear regression analysis (Supplementary Table 2 ).
The significant inverse association between hypertriglyceridemia and high HBV viral load was observed among HBeAg-negative participants in this study (Tables 5 and 6 ). The underlying mechanism remains unclear. However, this finding is consistent with other population-based study findings that HBV carriers had a lower prevalence of serum triglycerides [30] [31] [32] and intrahepatic triglyceride contents. 31 HBV X protein was reported to inhibit the secretion of apolipoprotein B, 33 an essential component for the formation of very-low-density lipoprotein and low-density lipoprotein. The very-low-density lipoprotein is a triglyceridesrich particle. In active replication and transcription of HBV DNA (high HBV viral load), the increase in HBV X protein would contribute to reduced levels of very-low-density lipoprotein, and the serum triglycerides level is thus reduced. But this mechanism cannot explain no association between hypercholesterolemia and Table 4 . Multivariate analysis of risk factors associated with high viral load (X10 8 copies per ml) in male and female HBeAg-seropositive participants, respectively
Risk factor
Female HBeAg seropositives Male HBeAg seropositives ). a Age, high serum ALT level (yes vs no), extreme obesity (yes vs no) and hypertriglyceridemia (yes vs no) were included in the model. HBV viral load in our HBeAg-negative participants. Further researches are needed to explore the inter-relationship among HBeAg serostatus, dyslipidemia and HBV viral load.
Insulin resistance, oxidative stress and metabolic syndrome are believed to have integral roles in the progression of liver steatosis, nonalcoholic steatohepatitis and subsequent fibrosis, and cirrhosis. 15, 34, 35 Weight loss and anti-hyperlipidemic agents are utilized for the management of nonalcoholic fatty liver disease and nonalcoholic steatohepatitis. 36, 37 In this study, we found 'abnormal' metabolic profiles (that is, extreme obesity, central obesity and hypertriglyceridemia) in chronic HBV carriers are associated with low HBV viral load. These findings partially explain why extreme or central obesity was not independently associated with the development of HCC among HBsAg-positive and antibodies against hepatitis C virus-negative participants in our previous report. 9 A cross-sectional hospital-based study in Taiwan showed that HBeAg-negative chronic hepatitis B patients with high BMI and HBV viral load had more advanced stage and grade of liver histology. 38 No association between HBV viral load and extreme or central obesity; and an inverse association between HBV viral load and hypertriglyceridemia were observed in HBeAg seronegatives in our study (Table 5 ). Liver steatosis was also not significantly associated with HBV viral load (Supplementary Table 3 ). Therefore, obesity and hypertriglyceridemia contribute to liver damage through oxidative stress, insulin resistance, hepatic inflammation and hepatic steatosis, instead of inducing HBV replication. 39, 40 For the implication in clinical and public health practice, we need further clinical trials and animal experiments in the future to delineate how to modify HBV viral loads through careful manipulation of metabolic factors.
This study has some limitations. The age composition (30-65 years) in our study limits the extrapolation of our findings to those who are younger or older. The cross-sectional study design has the difficulty in verifying the causal temporality of the inverse associations between high HBV viral load and abnormal metabolic factors. The anorexic body weight loss caused by immune response in hepatitis flare 6 deserves further discussion. In our present report, extreme obesity and central obesity were associated with a low prevalence of high HBV viral load only in HBeAg seropositives. In our HBeAg-positive participants as shown in Table 1 , no significant association with high viral load was observed for serum ALT level. The anorexic body weight loss of abnormal liver function in this group was considered to be nonsignificant. Long-term follow-up study with serial measurement of HBV viral load, BMI, waist circumference, serum triglycerides level and HBeAg serostatus are essential for the elucidation of the causal temporality. Direct measurement of circulating male sex hormones is also needed to verify our hypotheses linking low BMI or waist circumference with high HBV viral load in male HBeAg seropositives.
In conclusion, this large-scale community-based study analyzed the role of metabolic factors on high HBV viral load stratified by HBeAg serostatus and gender to reduce their confounding effect. In the outpatient care, it is recommended to measure serum HBV DNA level, HBeAg serostatus, serum triglycerides level, waist circumference and BMI for chronic HBV carriers. Although obesity and hypertriglyceridemia may contribute to the liver damage, careful management of significant reduction in body weight or triglycerides in HBV-infected individuals is needed.
CONFLICT OF INTEREST
At no time did the funding sources have access the data, preparation, review or approval of the manuscript. Dr Iloeje is an employee of and holds stock in BristolMyers Squibb Company. Dr Su was an employee off and held stock in Bristol-Myers Squibb Company. The remaining authors disclose no conflict.
